Objectives: To report a high incidence of oral mucosal dysesthesia occurring in patients on a pilot study of the epidermal growth factor receptor tyrosine kinase inhibitor gefitinib (Iressa) in combination with paclitaxel (Taxol) and external beam radiation therapy for the treatment of locally advanced squamous cell carcinoma of the head and neck. Methods: Nine patients were enrolled on a pilot phase I trial of oral gefitinib 250 mg/d with 6 weekly doses of paclitaxel (36 or 45 mg/m 2 ) and concurrent radiation therapy ͓66 -76 Gray (Gy)͔. All had stage III/IVA-B squamous cell carcinoma of the head and neck. Patients were evaluated twice weekly by physicians and daily by nursing for adverse events. Results: Six of 9 patients (67%) developed a grade 3 "burning" quality oral dysesthesia. These patients received at least 50 Gy (range 50 -70 Gy) to the oral tongue. The patients without grade 3 oral dysesthesia received less than 50 Gy radiation to the oral tongue. The oral dysesthesia was exacerbated by the ingestion of neutral pH liquids such as water. Of the 6 patients, all eventually developed common toxicity criteria grade 3/4 mucositis; however, symptoms continued after resolution of the mucositis. Gabapentin (Neurontin) was administered to 2 patients as a treatment for painful mucosal neuropathy. Both patients had near resolution of symptoms despite the evolution of oral mucositis. Conclusions: Development of "burning"-type oral dysesthesia occurred in patients treated with the combination of gefitinib, paclitaxel, and external beam radiation of the oral tongue. This dysesthesia was improved by the use of gabapentin.
C oncurrent treatment with chemotherapy and radiation therapy has become the standard of care for locally advanced squamous cell carcinomas of the head and neck (SCCHN) . 1 Yet, even with aggressive treatment, long-term outcomes remain suboptimal. 2 Efforts to improve these outcomes have prompted evaluation of novel agents and targeted therapies in combination with chemoradiation therapy. 3 The epidermal growth factor receptor (EGFR), overexpressed in more than 90% of SCCHN, 4 represents a potential target for modulation of tumor sensitivity. EGFR is a cellular transmembrane receptor with tyrosine kinase (TK) signaling activity. EGFR-dependent signaling is involved in cancer cell proliferation, resistance to apoptosis, angiogenesis, tumor invasion, and metastasis. Several drugs targeting EGFR including the monoclonal antibody cetuximab (Erbitux) and the small molecule EGFR-specific TK-inhibitor, gefitinib (Iressa) exhibited antitumor activity in the laboratory and in the clinic. [5] [6] [7] [8] Gefitinib, a small molecule EGFR-selective TK inhibitor that blocks epidermal growth factor autophosphorylation and activation, is approved for the third-line treatment of chemotherapyresistant nonsmall cell lung cancer. 9 Preclinical studies suggest that EGFR inhibition enhances the sensitivity of tumor cells to certain chemotherapy agents and radiation. 8,10 -13 We report the occurrence of moderately severe oral dysesthesias occurring in patients receiving treatment on a protocol evaluating the use of oral gefitinib in combination with paclitaxel and radiation for locally advanced SCCHN. The dysesthesia appeared to be responsive to treatment with anticonvulsant agent gabapentin. radiation or chemotherapy Ն4 weeks since major surgery, and the ability to provide informed consent. Patients were initially evaluated with a medical history, physical examination, and routine hematological and serum chemistry laboratory studies. All patients underwent detailed tumor staging with chest radiography and contrast enhanced computed tomography scan, magnetic resonance imaging if indicated and nasopharyngoscopy. Gastrostomy tubes were routinely offered to all patients.
Chemotherapy
Gefitinib (Iressa) was started on day 1 as a single daily dose (250 mg), administered orally or via gastric feeding tube, and continued until completion on the same day that the radiation therapy was completed. Paclitaxel was administered as a weekly bolus for 6 weeks beginning on day 8 before the first dose of radiation was administered. The first 3 patients received 36 mg/m 2 whereas the remaining 6 patients received 45 mg/m 2 .
Radiation Therapy
External beam radiation therapy began within 6 hours of the first paclitaxel dose. Median doses of 54 to 57.6 Gy, 60 to 64 Gy, and 66 to 70 Gy were delivered to the low-risk clinical tumor volume, high-risk clinical tumor volume and boost/gross tumor volume, respectively in 27 to 36 fractions. The maximum prescription dose ranged from 66.6 to 72 Gy. Computed tomography volume based (3-dimensional) planning techniques, including intensity modulated radiation therapy for some portion of the treatments, were used with every attempt made to protect normal tissues and vital structures.
Response Evaluation
Patients were evaluated for toxicity twice weekly by physicians and daily by nursing. Patients were evaluated with a history, physical examination, and nasopharyngoscopy after therapy as follows: monthly for 3 months; every 3 months until 12 months; every 4 months during the second year; and every 6 months during years 3 and 4. Toxicity was documented according to common toxicity criteria (CTC) version 2.0. Dose limiting toxicity was defined as any nonhematological CTC grade 3 or 4 adverse event or Radiation Therapy Oncology Group grade 4 mucosal toxicity possibly, probably or definitely related to any treatment component of the study.
Statistical Methods
Acute toxicity was the major end point of this study. Simple descriptive statistics including range, percent incidence, and mean were used to describe findings.
RESULTS
Between August 2004 and December 2005, 9 patients median age 48.5 (range, 27-77 years) were enrolled. All had histologically confirmed American Joint Committee on Cancer stage III/IV SCCHN. Table 1 summarizes patients' stage at presentation. Median follow-up was 15 months (range 5-34).
Six of the 9 patients (67%) developed grade 3 "burning" quality generalized oral dysesthesia. The dysesthesia was exacerbated by the ingestion of neutral pH liquids such as water. Patients with dysesthesia also developed some dysarthria. There was no dysphagia or odynophagia per se; however, the dysesthesia was sufficient to cause patients to use their gastrostomy tubes almost exclusively for nutritional support. These 6 patients received at least 50 Gy (range 50 -70 Gy) to the oral tongue. The 3 patients without oral dysesthesia received less than 50 Gy radiation to the oral tongue.
The dysesthesia was both temporally and symptomatically very distinct from classic radiation-induced mucositis. Of the 6 patients, all eventually developed CTC grade 3/4 mucositis. Oral dysesthesia began in the second week of radiation treatment. The earliest mucositis was observed during the third week of radiation. Therefore, oral dysesthesia preceded development of mucositis by 7 to 10 days. Moreover, the dysesthesia persisted well after resolution of the mucositis and was present at the 4-week follow-up when 
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mucositis had resolved. Dysesthesia did resolve in all patients by the 3-to 6-month follow-up. Two patients were empirically treated with gabapentin (Neurontin) for their painful mucosal dysesthesia. Both patients who received gabapentin had near resolution of dysesthesia symptoms despite the evolution of oral mucositis consistent with their concurrent chemoradiation therapy. See Table 2 for symptom and treatment information for each patient enrolled in the trial.
DISCUSSION
We report a high incidence (67%) of oral dysesthesias, an unanticipated toxicity, on a phase I trial of combination daily oral gefitinab and weekly intravenous paclitaxel for 6 weeks with concurrent radiation therapy for advanced SCCHN. Dysesthesias occurred in all patients receiving a minimum of 50 Gy to the oral tongue. This is the first report of an unusual toxicity from the therapeutic combination of gefitinib, paclitaxel, and radiation.
Chemotherapy and concurrent radiation for advanced SCCHN is associated with a number of short and long-term oropharyngeal sequelae, that may significantly impact on a patient's quality of life.
14 Factors implicated in increased mucosal sensitivity to radiation and cytotoxic chemotherapy include high cellular turnover rates of the oral mucosa, the presence of a diverse and complex microflora in the mouth, and recurrent local trauma during normal oral function. With irradiation fields including the oral cavity, 90% to 100% of patients will see some degree of oral complication. 15 Oral dysesthesias have been associated with a variety of agents including chemotherapy and radiation. 16 -21 In the absence of clinical mucositis, however, oral dysesthesia during radiation to the tongue is uncommon. Similarly, oral dysesthesia is not a known side effect of either paclitaxel or gefitinib. Mucositis was a dose limiting toxicity in early studies with paclitaxel and radiation for head and neck cancers. 22, 23 Gefitinib alone is well tolerated. A skin rash and diarrhea were noted in some patients, but the hallmarks of cytoxic therapy including bone marrow depression, neurotoxicity, and nephrotoxicity were absent. 24, 25 With concurrent chemotherapy, including with paclitaxel, gefitinib did not exhibit novel toxicities that were not seen with monotherapy. 26, 27 Radiation therapy for head and neck cancer combined with gefitinib has not been reported. However, radiation therapy with cetuximab, another EGFR receptor inhibitor, has been reported and did not produce oral dysesthesias. 28 The oral dysesthesia (burning tongue pain) reported here occurs before and persists after visible indication of inflammation in the mucosa has resolved. Thus, this dysesthesia was both temporally and symptomatically very distinct from classic radiation-induced mucositis. The absence of obvious nociceptive stimulation and impulse production separated from afferent input, suggesting neuronal hyperexcitability, was consistent with a neuropathic process. 29 After the initial 4 patients experienced dysesthesia, an empirical trial of gabapentin, a ␥-aminobutryic acid analogue was initiated. Gabapentin was initially developed as an anticonvulsant drug to diminish the neuronal hyperexcitability of epilepsy. Gabapentin has also been used in neuropathic pain syndromes, which also demonstrate neuronal hyperexcitablity, and has been found to be effective in the treatment of neuropathic pain. 30 Though the exact mechanism underlying this analgesia remains unclear, gabapentin, possibly through interaction with the alpha2delta subunit of voltage-gated calcium channels, inhibits hyperalgesia and allodynia evoked by a variety of neural insults, including peripheral trauma, diabetes, and chemotherapy. 31, 32 On this study, patients who received gabapentin experienced substantial resolution of their dysesthesia. Contrasting with the substantial salutary effect on dysesthesias, gabapentin had minimal effect on symptoms associated with mucositis. This observation is consistent with the experience of Bar Ad et al, who found that routine use of gabapentin prevented need for narcotics in only 10% of head and neck cancer patients with grade 2 to 3 mucositis from concurrent cisplatin based chemotherapy and intensity modulated radiation therapy. 33 The excellent response of the dysesthesia, compared with minimal response of mucositis symptoms, to gabapentin further supports a neuropathic origin for the dysesthesia. Possibly, the combination of paclitaxel, gefitinib, and radiation therapy may have-by activating quiescent nociceptors in peripheral nerves or enhancing the local release of inflammatory mediators-heightened the sensitivity of peripheral sensory nerves causing dysesthesia which was then ameliorated by gabapentin. 34, 35 Optical coherence tomography has been used in animal models to demonstrate neuroplasticity and to attempt to elucidate the mechanisms of neuropathic pain. 36 Using optical coherence tomography in humans, it may be possible to develop a better understanding of the pain mechanism during this phenomenon. A better understanding of the mechanism underlying the development of this oral dysesthesia may lead to a more complete knowledge of the interaction between chemotherapy, different EGFR TK inhibitors, and radiation therapy.
